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以传统的浸渍方法分别制备了 K-Ru/MgO 和 K-Ru/CNTs 催化剂，然后将两
种催化剂以一定的质量比在丙酮溶液中混合 ,制得混合钌基氨合成催化剂
(K-Ru/MgO+K-Ru/CNTs)。K-Ru/MgO+K-Ru/CNTs 催化剂中钌颗粒较均匀的分




K-Ru/MgO 和 K-Ru/CNTs 各自催化剂本身的缺点，提高催化剂的活性。 
当 K-Ru/MgO 与 K-Ru/CNTs 的质量比为 1：1 时，混合钌催化剂具有 佳
氨合成活性。在 673 K、0.2 MPa、2100 ml/h（H2/N2=3/1）的反应条件下，氨合
成活性为 4453 μmol h-1 g-1-cat，在相同反应条件下，该催化活性是 K-Ru/MgO 和
K-Ru/CNTs 平均活性的 2.8 倍以上。此外，由于氧化镁在氨合成反应条件下具
有很高的稳定性，碳纳米管与氧化镁之间的相互协同作用还提高了 K-Ru/CNTs
的稳定性。 















体，采用微波加热法制备了 K-Ru/MgO-CNTs-a 催化剂。在 K-Ru/MgO-CNTs-a
催化剂中，钌颗粒粒径接近于 2.0 nm，而且钌颗粒在氧化镁和碳纳米管上均匀




在 683 K 、 0.2 MPa 、 2100 ml/h （ H2/N2=3/1 ）的氨合成条件下，
K-Ru/MgO-CNTs-a 催化剂的活性高达 5631 μmolh-1 g-1-cat，是 K-Ru/CNTs-m 与
K-Ru/MgO-m 催化剂平均活性的 2 倍、K-Ru/MgO+K-Ru/CNTs 催化剂活性的 1.3
倍。 
3. 乙 二 醇 溶 剂 在 助 剂 浸 渍 过 程 中 的 作 用 及 高 活 性 氨 合 成 催 化 剂
K-Ru/MgO-a(Eg)的制备 
以乙二醇为还原剂，在不同的还原温度下制备 Ru/MgO 催化剂，并对
Ru/MgO 催化剂进行 HRTEM 表征及氨合成活性测试，发现 433 K 下还原的




在 0.2 MPa、2100 ml/h、658 K 的氨合成反应条件下，K-Ru/MgO-a(Eg)催化
剂的活性高达 6341 μmolh-1g-1-cat，是相同条件下 K-Ru/MgO-a(water)催化剂活性

























Ammonia synthesis is one of the most important chemical industries in the 
world, every countries have paid great efforts to develop ammonia synthesis industry. 
Ruthenium-based catalyst has been named as “The second-generation catalyst for 
ammonia synthesis”, because it has high catalytic activity for ammonia synthesis and 
can be operated in mild conditions. In 1992, carbon supported ruthenium catalyst 
was firstly used in the Ocelot ammonia synthesis industry in Canada. However, 
ruthenium is known to catalyze carbon gasfication and that results in a great drop of 
the activity under the operating conditions, which prevents ruthenium catalysts from 
extensive application in ammonia synthesis. Magnesia is an alkaline oxide with high 
surface areas and it is stable under the operating conditions, so magnesia has been 
widely studied as a support for the preparation of ruthenium catalysts. However, the 
ammonia synthesis activities over magnesia-supported ruthenium catalysts are much 
lower than that of carbon-supported ruthenium catalysts under the same operating 
conditions. Herein, preparation of ruthenium catalysts with high catalytic activities 
for ammonia synthesis and high stability under the operating conditions is very 
important to the ammonia synthesis industries.  
This thesis is in order to solve the above problems and prepare ruthenium 
catalysts with high catalytic activities and stability. The results are showed as follow: 
 
1. Preparation of mixed ruthenium catalysts and the interaction between 
ruthenium catalysts. 
Potassium promoted magnesia-supported ruthenium catalyst (K-Ru/MgO) and 
potassium promoted carbon nanotubes-supported ruthenium catalyst (K-Ru/CNTs) 
were prepared by the conventional wet impregnation method, the K-Ru/MgO and 
K-Ru/CNTs were mixed with different weight ratios in acetone solution to prepared 
mixed ruthenium catalysts (K-Ru/MgO+K-Ru/CNTs) for ammonia synthesis. 














dispersed on the surfaces of magnesia and carbon nanotubes supports, and there are 
strong interactions and combinations between K-MgO and K-CNTs. Super alkali 
K-MgO can neutralize the acidic materials on the surface of carbon nanotubes, 
which can make the carbon nanotubes provide electrons to ruthenium metal more 
easily. Simultaneously, the unique geometric structure and strong electron 
conductivity of K-CNTs can improve the electron conductivity of magnesia support. 
The advantageous combinations and interactions can solve the disadvantages of 
K-Ru/MgO and K-Ru/CNTs catalysts in some extend, and, improve the ammonia 
synthesis activities of K-Ru/MgO and K-Ru/CNTs catalysts. 
The mixed ruthenium catalysts have the optimal activities for ammonia 
synthesis when the weight ratio of K-Ru/MgO to K-Ru/CNTs is 1:1. The ammonia 
synthesis activity of K-Ru/MgO+K-Ru/CNTs(1:1) can reach about 4453 μmol h-1 
g-1-cat at 673 K, 0.2 MPa and 2100 min/h of flowing gas(H2/N2=3/1), which is about 
1.8 times higher than the average activity of K-Ru/MgO and K-Ru/CNTs under the 
same operating conditions. Moreover, magnesia is very stable under the operating 
conditions, the advantageous combinations and interactions between K-CNTs and 
K-MgO can improve the stability of K-Ru/CNTs under the operating conditions. 
 
2. Microwave-assisted synthesis of MgO-CNTs supported ruthenium catalysts 
for ammonia synthesis 
Ethylene glycol was used as reducing agent, RuCl3 was used as ruthenium 
precursor and the mixture of MgO-CNTs was used as support to prepare 
K-Ru/MgO-CNTs-a catalyst by heated in microwave irradiation. Ruthenium 
nanoparticles size approximate 2.0 nm was loaded on the surface of supports and 
dispersed on magnesia and carbon nanotubes uniformly, more active Ru(001) 
surfaces were exposed in the reaction gas . Moreover, the strong advantageous 
combinations and interactions between K-MgO and K-CNTs can solve the 
disadvantages of K-Ru/MgO and K-Ru/CNTs catalysts in some extend, and, improve 
the catalytic activities of K-Ru/MgO-CNTs-a. Microwave-assisted synthesis of 














also this method is very convenience and quick.  
The ammonia synthesis activity of K-Ru/MgO-CNTs-a can reach about 5631 
μmol h-1 g-1-cat at 673 K, 0.2 MPa and 2100 min/h of flowing gas (H2/N2=3/1), which 
is two times as active as the average activity of K-Ru/MgO-m and K-Ru/CNTs-m, 
and 1.3 times as active as K-Ru/MgO+K-Ru/CNTs catalyst under the same operating 
conditions.  
 
3. Effect of ethylene glycol solvent in the promoter impregnating process and 
the preparation of K-Ru/MgO catalyst with high ammonia synthesis activity. 
Ru/MgO catalysts were prepared using ethylene glycol as reducing agent at 
different reducing temperatures. The Ru/MgO catalysts were characterized by 
HRTEM and the activities of potassium promoted Ru/MgO catalysts were measured 
for ammonia synthesis. As we can see from the results that Ru/MgO-a catalyst 
prepared at 433 K had the optimal ruthenium nanoparticle size, and the 
K-Ru/MgO-a(Eg) catalyst had the highest catalytic activities for ammonia synthesis. 
In the promoter impregnating process, ethylene glycol was used as solvent for KNO3, 
simultaneously, as a solvent stabilizer for the size of ruthenium nanoparticles and the 
morphology of MgO, which can prevent ruthenium nanoparticles from 
agglomeration and avoid the formation of hydroxide magnesia. K-Ru/MgO-a(water) 
and the conventional prepared K-Ru/MgO-g were also measured for comparison. 
The ammonia synthesis activity of K-Ru/MgO-a(Eg) can reach about 6341 
μmol h-1 g-1-cat at 658 K, 0.2 MPa and 2100 min/h of flowing gas (H2/N2=3/1), which 
is 4.5 times as active as the activity of K-Ru/MgO-a(water), and 12 times as active as 
the activity of K-Ru/MgO-g catalyst under the same operating conditions.  
Finally, we researched the effects of ethylene glycol, ethanol and distilled water 
used as solvents in the promoter impregnating process to the performances of 
catalysts. We could find that ethanol also protected ruthenium nanoparticles from 
aggregation in some extent. However, the solubility of KNO3 in ethanol solvent was 
small and the promoter could not adsorb on the catalyst well. Moreover, after ethanol 














adsorbed on the catalyst, which lowed the promoting effect of promoter greatly. 
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